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The picture shows highly
flexible molecule from the last
blind test on crystal structure
prediction at Cambridge. It has
seven degrees of freedom,
which is presently considered
as a maximum for feasible
structures. Assuming for any
degree of  freedom 4
possibilities, one obtains in
total 4’=16384 conformations.
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The picture shows an elongated molecule from the last
blind test on crystal structure prediction at Cambridge. Li(Cp) serves as test, if the molecule can be divided in
Small errors in the indicated torsion angle fail a correct moieties and a Data Mlnlng Force Field can be derived,
prediction of the crystal structure. which will correctly describe the .structure
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FlexCryst - OPTIMIZE_POTENTIALS, Version 2.03.05

MainMenu Help

Input Parameters

Experimental Crystal Structures ‘.,fexamples,fc_h.cif

(*.cif, *.cssr, “.mol2, “.pdb, *.poly)

Choose the step of optimization ‘Radial Distribution Functions

Maximum Number of Crystal 5...

CPU time Ii.|1 hours

Select Desired

Atom Types

HO | HC | HN | HO | H20 | H1 H2 | DO DC | DN
DO |D20| D1 | D2 He Li Be B CC | CN
co Cl c2 Cc3 C4 | NC | NN | NO | N1 N2
N3 N4 | OD | OC | ON | OO | O1 | O2 03 | 04
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Input/Output Parameters

Struture Vectors (temporary directory) ‘structure_\rectors.dat

Potential as FlexCryst-format ‘.,fexamples,fpotential.fcp

Output Parameters

Potential as Table

‘.,fexamples;potential_table.dat
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The interaction between two molecules | an J is C - Yo (ype, ype.. 1)
divided in atom pair energies g(i,j,"): U g\IPe,YPE; T

Any force field can be transformed to a central force field by _i
a series expansion, e.g by the inverse Taylor series: gmnr_1: a
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In this picture the energy calculation is demonstrated NN, e - o
for crystal of BOXGAW. The energy is given as G,= g type,,lype,,ru) gf+gf+gf

i=1 j=1



Flowchart of the Force Field DerivationA |
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In this figure we performed an analysis of the structure with FlexCryst. We
plotted the frequency of the contacts for all Ni-compounds. While the peaks
around 2 A for the radial distribution function of Ni reflect the nickel bonds to
carbon and nitrogen, the RDF's of hydrogen-hydrogen and hydrogen—oxygen
shows unusual contacts at short distances. We received for four structures a
warning:

CSD: HIXJEF HC HC contact with a gap, d=1.82

CSD: QOXCIP HC HC contact with a gap, d=1.78

CSD: SUYBOE HC OC contact with a gap, d=1.85 The structure SUYBOE with an
CSD: YEHMAZ  HC HC contact with a gap, d=1.81 unusual hydrogen-oxygen contact
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The picture shows the radial distribution function and the obtained potentials by singular value
decomposition. While the solution is the optimum from the mathematical point of view, it gives
unreasonable solutions for rare atom distances and needs further improvement.
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One powerful tool of data mining is the classification.
By classification correct and incorrect crystal
structures are separated. We can assume that
experiment is always right and theory has always
some (small) error. Aim of the classification is to
divide by classification the structures in the two
classes, experimental structures and
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One of the structures studied in
detail is the structure QEPSEK. It
is a nickel-complex coordinated
with a pyridine and tridental
chelate ligand.
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As result the optimization gives the force field
HC HC 0.00000 0.00000 -48.7769  0.00000 0.00000 2077.90 0.00000 0.00000 -8615.24 0.00000 0.00000 59906.6
HC HN 0.00000 0.00000 -18.7752  0.00000 0.00000 850.977 0.00000 0.00000 -7924.71  0.00000 0.00000 27008.6
HC HO 0.00000 0.00000 -28.2835 0.00000 0.00000 1304.60 0.00000 0.00000 -13959.1  0.00000 0.00000 63901.5
HC C2 0.00000 0.00000 51.1560 0.00000 0.00000 -1608.55 0.00000 0.00000 1434.66 0.00000 0.00000 255009.
HC C3 0.00000 0.00000 -29.9645 0.00000 0.00000 2160.24 0.00000 0.00000 -18434.0 0.00000 0.00000  130629.
HC C4 0.00000 0.00000 -49.9190 0.00000 0.00000 3885.00 0.00000 0.00000 -68015.4 0.00000 0.00000 403546.

1428 structures have been used to derive the potential.

48831 decoys have been

generated for the training. 105 potentials with 388 have been derived. The mean error
for any decoy 0.12 % of the total energy. 6.5% of the structures are outliers. The
largest outlier contributes to 1.3 % to the total error.
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Experimental density 0.944 1.58 1.42 1.06

Minimized energy -270.97 -954.31 -1702.8 -505.13

For the minimization the space group symmetry is

The relative error is defined slightly different b lowered from Pnma to P21/a to avoid molecules on
as usual. In this way the absolute value is =90 __ specific positions, For the visualization the Li has
invariant against the exchange of a and b V(a2+b2)/2  peen replaced by He, since Mercury do not allow for

(necessary for clustering). polymers in the module “crystal packing similarity”.



The picture shows the superposition of the experimental and the
predicted coordination of the Li-atom for the crystal NIBSEW. All

predicted structures have this coordination.

For the

Another example is the structure BIWYUD. The
tert-Butyllithium is stabilized by three coordination
bonds. We find the experimental staggered
configuration (rank 117) as well as the eclipsed
conformation (rank 15).

chelate-pyridin-nickel

complex QEPSEK of nickel we
find the experimental coordination

on rank 6.
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Predlctlon of the Crystal Structure
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The predicted structure is
described in space group 14
rather than space group 61,
since FlexCryst do not handle
specific positions explicitly.
rms  between the
ental  structure is
i 474 and is identical to the
- - minimized crystal structure.
- . = (For the comparison with

File

sES02  d1om .. 000000 000001 0jpdnaz 000005 fadnnd 000045 000008

8E-515.486___d1.27___
75154860127
5_E-518.182___0_1.27.

The prediction for the crystal structure of Li(Cp) gives the experimental structure T ]

9512170 d126_

four times on rank 18, 19, 20, and 22. This becomes obvious by a clustering of T -
the simulated powder diagrams. L
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Aragonite in the cave of Is Zuddas
(Sardegna, Italy)

Calcite in the cave of Su
Mannau (Sardegna, Italy)




